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(54) Title: FLUORESCENT PROTEINS 

rH (54)^WO€^: ®#M6|f 

(57) Abstract: It is intended to provide novel fluorescent proteins originating in an organism other than Aequorea coerulescens. 

Namely, a fluorescent protein originating in Fungia sp. which has the following characteristics: (1) showing a maximum excitation 
w J wavelength of 45 5 nm and a maximum fluorescent wavelength of 488 nm; (2) showing a molar absorptivity at 455 nm of from 38700 
^ or 27700; (3) showing a quantum yield of 0.85 or 0.81; and (4) showing a stable pH sensitivity of the fluorescent characteristics at 
if) pH 5 to 9. Another fluorescent protein originating in Fungia sp. which has the following characteristics: (1) showing a maximum 
© excitation wavelength of 548 nm and a maximum fluorescent wavelength of 561 nm; (2) showing a molar absorptivity at 548 nm of 

from 75900 or 51000; (3) showing a quantum yield of 0.44 or 0.50; (4) showing a pH sensitivity of the fluorescent characteristics 
© of pKa<5.0. 
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(57) gft: 

t5ritfc5. #$§9§K£*U2\ fWyJi/ (Fungia sp.) J&*tf>T15<0# 

(1) M4i^iiEj|^4 5 5nmffc0, t«Stfili4 8 8 ; 

(2) 4 5 5nmlC*3lt5 J E/HRjtfilfti^ 38 700Xlt2 7 7 00t*fc5; 

(3) ifW^O. 8 5XliO. 81-Cfc5;ST^ 

(4) MttO p HHgtti5 p h 5 - 9 X'^ffcS : 

^-frf?^ *> (Fungia sp.) **©TflB©Wt«r*+***aiefr. 

( 1 ) Btt4i*tt*# 5 4 8 n m-Cjfe 9 „ 5 6 1 n m"Cfc-5 ; 

(2) 5 4 8 nmfc:Jott5^/HM#&;&^ 7 5 9 0 0X145 1 0 00^5; 

(3) fi^iR^O. 4 4X140. 5 0-?<fc5 ; 

(4) S5t#tt©pHiWpKa<5. O-CfcSo 
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*%W\Z, ? f- tr?^ ^(Fungia s P . ) &&(Dm%lti:%ytmElWRV*:(Dfflm\m 



t7?(D^?*lsT • VfihVT (Aequorea victoria) KH^-f Sll&Sbfc^ 

an (gfp) w\ Mm^<©ffii^t^ 0 sja, 

^Hfe*5 i W-a-i® ft (semi-rational) £3£<5v , »'t\'fe : £r3S'fb $ 

1 1 i < ^ G F P^fO-oi LTf M3teISI (YFP) 
IfkftSo YFPli, (Aequorea) G F P&gftO* -Ct)****©** 

fc^fc .»©Y FP©£ *5j;tf <P {4, Zil^fo 60, 000~100, OOOr'cm" 1 *5 £ 
U t fl.6~0.8T'fc!3 (Tsien, R. Y. (1998). Ann. Rev. Biochem. 67, 509-544), 

GFP^M^Oflfe^i:UT, i/7yfef3fcief (CFP) 
ECFP (enhanced cyan fluorescent protein) bttTV^ 5 0 £fc x -^y^f 
* (Discoma sp. ) »£M«»(R F P) t>^«l$tLT*3 1) .DasRed 

£M3§£;ft*^ ^;KD^|a{i^:'li^-J£:^oTV^S 0 

1 
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^ife#LfcTif$f"V=f (Galaxea fascicularis) b mm<D-?y*X*&Z? 
f-^-fv' (Fungia sp. ) <D c 7*7 P — ^bilB^-Y^-Sr/B^-C^C 

tt> #bnfc^f"lf7-f (Fungia spjft^^^ea^^^tt^^fc^ 

gp^s *»Wt!lJ;ti/tf, ^iMf?-^ (Fungia sp.) ft*©TIB©«H4Sr^ri-* 

(1) S&£*&&#4 5 5nmt*fc9, f«l*tt4 8 8nmf&5 ; 

(2) 4 5 5 nmfcfcit5^|«^ N 3 8 7 0 OXtt 2 7 7 0 0 X'&Z> ; 

(3) ifW^0..8 5XttO. 8 1^;^ 

( 4 ) £##tttf> p HZgt&ms p H 5 ~ 9 -e^^T-fe 5 : 

( 1 ) 5 4 8 n mTfife 9 > &fflg&Z&&tiL 5 6 1 n 5 ; 

(2) 5 4 8 nml^(t5^Bi^\ 7 5 9 0 0X14 5 1 0 0 0 T'fcS ; 

(3) e^lRWO. 4 4XttO. 5 0T?*>5 jXV 

(4) t»©pHli»pKa<5. O-CifcS: 
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##W©»J©1ft»K:j;*btf % S*T© (a) XK (b) 

( a ) m&m-% i xw: 2 icib^^t ^ j ®m}*mi-z>m&m 

*38W©9J©*«»!:J:*t»*, £*T© (a) Xte (b) t^S6 

( a ) @B^iJ#^ 3 Xtt 4 fc|B*fc©7 5. 7 ^MB^iJ^^i-^M 

(b) ffi2W§-3Xf*4 miB«©T$ y »s5Ufc*3v^T i *»b*n©r 5 

6 4#i©^^^^5T7-^fCtt^$^TVN5T^/^BB^ X«S3^J#-^ 

3tsaK©T5/iftE?yfc*5^-c2 1 i#b©;//v*$ v^#77-^£S&£ 
#i§9g©$6.fcsij©^{c«tttfi % mr© (a) xtt (b) m^-tsewsra 

- Ki"5 D N A t * fc|§# £ tt 5 o 
( a ) £8I# » 1 X ft 2 £ |B« © 7 S / &E3I Sr « 3 e « 
(b) B?«#*lXW:2H:SB«l©T$y»E?Ut*5V^Tx l^feftfl©T$y» 

2icE«©T$y»E?ii**«sewi:W©«c*'m4«r^ri-«aejt. 

##E©$klOM©lB#K:J;ixtf. (a) X\* (b) Wl6IS:3-b*t5 

(a) mpm-%3x\*4fc&moT$ smmtiz^irzmbm 

3 
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*&W<D$ tbfc%\(DmWHz£tl^ SXT<D (a) X& (b) tC^-fDNA^ti 

m&Rv/xnttMz%i'z>j&mmmzm u fa^mvm^ 5 x\z 6 fctzMwm. 

#^<££btSUO|imi££*Ltf, $XT<D (a) (b) l^fDNA^t 
?iJ&^pr5DNA 

&Wxhz> 0 
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miiX *&W<D?Vi?74i>'$i&<D%;ytm&'X. (KCy-l, KCy-2) 
iECFP, XftWOfWyJ ^fc&©3bt®6W (KO-1, KO-2) t 
DsRed ©g^fe*^ h/v&lWajB*^ h^*JtttLfcj$*Sr*-t-. 

2, KO - 1 iKO- 2©«^#tt«LfefeI^Tt, 

(1) Kcy-1 t Kcy-2 ©^Ml?©^©^ 
(400nm -C®jB L £ # © 488nm ©&#;) 

(2) K0-1 t KO-2 (D±mWX*<D?&&<D^^7FTo 
(500nm TfajB Vtcb%<D 561nm ©&#) 

(3) ko-1 t ko-2 K&rtz&ytmt 

(470nm Lfc t # OtW>"» (561nm) — Vfoft (508nm) ©^ 

0 3tt*»W©^f-bT9>r^**O3t*aajl (KO-l.K.tfKO-2) ©^ 
y-^5>(508nm), tl/^^ (561nm) ©WttillC ±5^*^. 

04H:**W©^lMf9^'>**©3t3tSeSt (KCy-1, KCy-2> K 
O-lWKO-2) ©f«©pHiStt%^t e 

H5tt, *»W©^f-bf9^^**©#*«eK©35A# (KO-C64A) 
<Dik% (em) XV©ie (e x) h/V (£B), tetf fcRifc*'** h/V- Ofr 

0 6«U #3&E©*iflf?^>*#©£#£6W©£&#(KO-E2 1 1 A) 
©3tft (em) &tfKjj£2 (e x) X^<? MUH^JlX*^ h/V (>fr 
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% w zmm-r % it $> <d&& <d im 

(1) *&fR<DM%S&m 

(1) ®gg^S^4 5 5 nnrC&*3, £ftfe>dfcftte4 8 8 nmt^ ; . 

(2) 4 5 5nmlC*5lt5^K» 3 8 7 0 0 Xtt 2 7 7 0 0 T?£>3 ; 

(3) tflRW5 0. 8 5XttO. 8K*fc5;W 

(4) t«® p HlSft^ p H 5 ~ 9 T'^T^S : 
*?SfiOfc5-0©S3feieSll ^f-tfy-rv- (Fungia sp. T\ 

( 1 ) 5 4 8 n mt'jj 9 , 5 6 1 n mX'hZ ; 

(2) 54 8nmfc:fe»t5^MRft«Sfc8S % 7 5 9 0 0 X\$ 5 1 0 0 0 X'hZ ; 

(3) m^HWO. 4 4Xf20. 5 0Xh% ;RX$ 

(4) S»pHg§WpKa<5. OX'hS 

9 (Fungia sp.)f^f-^=f(DiaT% iCI^^B^I^SU P# 

ft*5> frmtpUTomMmXlX ty-Vy-il' (Fungia sp. ) ^ffi^^i: LT 
±IB#tt^1-6*||P^<D^geM=|rmil|U^^, ^tfy^> (Fungia sp. ) 

*%wo%i<D%;%m&m (Kcy-D tiToii^j^titi, mm 

teMfcSrfM 5 5nmT'fcl9, 3btefeM&&te4 8 8 nm T'foSo 3 
8 7 00 (4 5 5m) «? N i^WteO. 8 5T*fc£ 0 #3§^<Df| 2 Of)tg 
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(KCy-2) i* N uT<omnm~c*tm*), ofitefc&jbsus 5nm-?fc 

9, &%M±&&tti4 8 8nm-efc5 0 */MSbtefi$fc8:2 7 7 0 0 (4 5 5nm) T* 
fc>K il^WftO. 8 1tfc5, £*lfcStl/CECFP {WVy-y?) <D* 
/MRftflMfctt 2 8 7 5 0 (4 3 5nm) Xfc 0 , M^W&O. 4 OT?&5 0 

*BPjom3(D^^e® (ko-1) wc % «T©3fe«^it?^-ra»j, 

^W5 4 8nm^ifctK &#ft*:afc*tt5 6 Inm-C;fc5 e */Hft*««[tt 7 5 
9 0 0 (5 4 8nm) T*fc 5 % tWtiO. 4 4t*fe5 0 #35?H©S|4 ©3bfcg 
6R(KO-2)fi, ^T©^JSf!l-C^i-ii 9 s 5 4 8nm «J , 

5 6 lnm^fc5 0 *>Hftft«afctt5 1 0 0 0 (5 4 8 ran) 
*^-JR*»0. 5 0-efc5o £*lfc*tL"C DsRed (^o^xy^) ©*-/V«# 
$Ctt8 6 1 0 0 (5 5 9nm) V > *?lR¥W:0. 2 9X*fc5, 

^/vRftflMR, **JR*©te#:ktv^fc ttM^&v^ Sr^f. tot, _L 

fB^^PJM^eS© 5 ^^7yMief-efc5KC y - l&tfKC y - 
2te % ECFP^O't^/HRjt^iR, fi J 3FJDl^©iti5S^tV>©-C, ECFPiO 
fcJ:0»V^ttfcStt*5« &#«JfcJ4, KCy-l(iECFPj;«3t^l2~3^ 
M5<, KCy-2ttECF.PJ:niKll. 5f&W3V\, 

i®jBfeJ;trm*©«^**fcMUTriECFPt*3B«oS3tsejtK 

Cy-lMKCy-2 fc©Wfc**JteHftt*V\8S, ^©MeiKCy 
-lXt5KCy-20®jB, h/WiECFP©J;5^^<l!l^M^ 

£fc, KCy-lWKCy-2li N p H 5 ~ 9 <Dlffl\Z&^X&?ttW!k<D P 
H«Stt*SfiV^r.t*^ttt-r«o W"^ pH5~9©^B^VNXm«g© 

•C#5„ f&&&>&«/B$;h/Cl*SECFP©4§£K:H:, pH7amt*3M! 
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0-2« v ^y^V^-Y^ (Discosoma) (DsRed) «tt)^2 

ffifW5v\ ko-i, Ko-2ii, fEfiF©«3fe^^^Kitt*35e*tt* 
^©tWSrWLTV^o Wh, EYFP Oftfe) (*ni^ y * 
tt)li5 3 0 nmfti&ld&ft*'^ h/W2 f-^ DsRed n yf <y ^ft) 
f45 8 0nm«f)t^ h/V©fcW &&0©l:i&U #3§H©KO-l 
St;KO-2lt 5 6 1 nmftiSfcEcjte*'** b/V© £8K> 0 

(1) Ko-i©T$y^iawi;::}3vvc6 4i@ow^^77-yicf 

($C3fctefc508 ran, ®&tefc;496 nm) ©^Sr^-D^ft:, Mtft> 

(2) KO-l<D7'§Sffim t Pte&\t^X2 1 l#|©^^i^77 = y 

(Mil* 578 nm, ®mM± 563 nm) ©&ft£$:o|gg#\ 
#*W©£tta&K©J*#fll£LT«u £*T© (a) Xtt (b) 

(b ) IE?iJ#-5§- 1 X\t 2 £15ij£©T ^ y ifcEaifcaav^-c i &t>im<DT s; / isa* 

*3SM©*3fege»©*fe«;5*#«i:UTW:, EtT© (a) Xft (b) {C^ 

(a) mmmj§r3x\$4\zm.ifc<DT^ ymmzmirzm&m 

( b ) mmfk 3 xf* 4 ^e«©t ^ y &s$ifc&v n-c i & tbmm<DT $ j 
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* t < n 1 a> 5 fiU t < » 1 ^ b 3 f@M£if SH"^ 

3 rmo&xmti t\t, nee****, momem* s 

IBM?©****, FK»©pH«Stt^^Sr^-f5- tSrlt!*-t-5 0 

LfcT 5 / KEfliafetf teB?!l#* 5 ^ h 8 ©fati^telB* L7tllS@a?iJ©1i#£ 

#«©&*D©£3feSe«© cDNA^n - ^fc^MlC iTPCR^IrjCiia 
•3, *»M©*3tge«Sr = -K-r5D"NASrK#i-5i t *s-Ct<5. #3&gn© 
^Sa«Sr = -K-t"SDNA©-^©»f^Sr±|EtfcPCRj!:J:D#fc#^fc 
tt,fWR bfcD N A»f **M*lC*^ft*ilU&flfc * U £ £ i t) , 

(2) ^jjCDNA 

(b) ^i-SeStSra-K-t-SDNA^tffettS. 

9 
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Xtt (b) fcScJ-gejtSra-K«DNA*«Jstf6,*i,5 0 
( a ) m^m^r 3 X ft 4 fcfBitOT 5 7 Hffi^J^^fS £ 

**MO*)fc«e««r3-K"t-«DNA©3E*«A#:«i: LTH\ ETF© (a) 
X» (b) te*1-DNAfc*Mfctffc;h,5. 

(a) E^##5Xf*6fcK«<&££^&:fM-3DNA 

(b) EaRI#^5Xtt 6 (C|B«^SiB^J^*5VNT, 1 «^t|©M©^*, 

*»WOt*ae»Sr3- K-*-SDNA©3Sft5*flcW& LTB\ OTO (a ) 
XI* (b) fc^f DNAt>*fc^tffe^5. 

(a) E5ll#-t7X»8H:E«©ieSE^|*^rt-5DNA 

( b ) EM* 7itt 8 fcSBftoifiSE^fcfc^T, l a>g>Ma>ttito&& 

SS^ 3 - K-f-^sejti BUf = K«tt£E 

^IJ^I-SDNA 

5U tfMW^^-e-Sr/Bv^tfJJ ^7-fl« (PCR) fcio-ORit 



10 
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Molecular Cloning: A laboratory Mannual, 2 nd Ed. , Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. ,1989, $k&i£ Current Protocols in 
Molecular Biology, Supplement 1~38, John Wiley & Sons (1987-1997) t£|Eft 

(3) ^^Ofi»i^^- 

^ • . T-^y^-ifjg^.^ (Bacillusstearothermophilus 

maltogenic amylase gene) % /^JVT. • JJ :=./}% ^ a T ^. y—M^fjEi^ 
(Bacillus licheniformis alpha-amylase gene) , /^fl/T* ' T fry r f -3 ^ 
l/X »BAN T $ 9*— £ijfrf5-7- (Bacillus amyloliquefaciens BAN amylase gene), 
/^fr* • f-^f-JJ J* • T/W# V ynxT-^ite^ (Bacillus Subtilis 
alkaline protease gene) & L< tt^f-A'X • 7° 5 A"* ♦ =¥i^n 5/^—- ^itfenF 

11 
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(Bacillus pumilus xylosldase gene) (D? u ? s t.tz}$7 7 — ? . yA^O 
P,£b<ttP L :/rr*^ ±mn<D lac, trp U < tac 

ADH2-4c yn^^^^^ W ^ 5o 

t p i Ayp^4^fe5 ( 

* # j> 7r= v-a ^^/Kfljltf s V40$ fcttTx y ^ 

^5Elb**S*OtO)J9z^ ^gg m m £ tf s v 4 0 ^ >/N y ^ 

*3cfc^iRaiv^yf-iB^(#ij^«rx/^-l > /^ VA RNA fca-K-fSfc 
Wfc-t 5 D N AEH* A* LT t> «t < , * ©-« atliSV4 0 «GKU (« 
Z-bLXte, J?tKB»^^H? (DHFR) SfcttioA*-* 



12 
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(4) ^a^Mas^i 

HWLSWBfiO«fcLT»4, HEK2 9 3»te, HeLalR COSlR B 

hk», cHL«ua*fc»cHOjwua^wfetb«, m%mmm^M^m 

6ttja**W6*L, 0U*.tf* t^PWt^tH^^i(Saccharo«yces 
cerevislae)*fcttf-y^nv^-fe^ • ^/Wf^y ( S accharomyces kluyveri)^ 

13 
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§ ($|;tf£ v Baculovirus Expression Vectors, A Laboratory Manual ; JkXf 
% Vis h • 7°o h = -/W* '^y.^^ay— ^^B^ Bio/Technology, 
6, 47(l988)^^|B«)o 

(Autographa californica nuclear polyhedros is virus) ^£r^ V* 5 t <5„ 
ftASBiat L"Cfi N Spodoptera frugiperda <£0PMJ&T?fc5 S f 9 N S f 2 

•v-a. T7K ^!J a -x^f.7!)-7y.7yK'* (W. H. Freeman 

and Company), =■ a. — 3 - ^ (New York) , (1992)3, Trichoplusia ni 0>£P$lHJ& 
T'fcSH i F i v e M>Vhni?x.>#W#&m^Z>Zb&"?$Z 0 

^o^^w^t-c^i-So Mmmw(D%m®frb. ^m<D^%m^&« 
^mmnm-r^tt. it©gei©m *«s*jflv\h,tfj:v\ > 

14 
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-*<$<Dl'*S>&m\,*1t&>( h^77>f^ S-SepharoseFF(7 

tt d vtAmfttamtz ur p c r 5 - 1 tc * 5 , *»iji©«*aejt* =- 

0fa©»^3tgeffSr3-Ki-5DNA*#*ri:39St»t« o i©D 
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mytm &mz&&T ? y m^ij t <DM&m& nt vxmm u * p ^ ^ x 

JSrttlits ^o-efetiff, ^Kfij|jgft^v\ 

*?-X\^ TpNEOj (P. Southern, and P. Berg (1982) J. M01. Appl. Genet. 
1 : 327) , TpCAGGSj (H. Niwa, K. Yamaraura, and J. Miyazaki. Gene 108, 193-200 (19 
91) X TpRc/CMVj Wy^hn^ttU), r p CDM8j {A VtT ^ p ?i/&M)te£i>K 

m&m^?*— r P RS303j , r P R S 304j , r P R S 305j , r P RS306j , r P R S 3i3j , 

TpRS314j , r p RS315j ,[pRS316] (R. S. Sikorski and P.Hieter (1989) Genetic 
s 122: 19-27), r p RS423j , r p R S 424j , r pRS 425J , r p RS426j (T.W.Christians 
on, R. S. Sikorski, M. Dante, J.H.Shero, and P. Hieter (1992) Gene 110: 119 
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-122) bzwrntcm^bM. 

BalbC-3T3«, NIH3T3 CHO (Chinese hamster ovary) «K HeLalffl 

m, NRK(normal rat kidney) TSaccharomyces cerevisiaej ?£¥(Dffi-&M& 

■*±Mm (e. con) mm%i£&mm-rzzb&'?$& 0 ^?*-<Dm±mj&^<D 

$u 5 J^^KJJT, /MfSfr, ^/w^flc, #$/JnR y -A fc£ 

:f h 09) «|||f (ATTO xv^/Wf ^-v'T^-f IF-) /«tif^V>T 

17 
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8 8nmtfc5MafOl^ M3fe4 4 0-4 6 Onm, t*4 8 0~5 
M&W<DWf&fe, B)MJt5 3 0~5 5 Onm, »5 50-6 0 0 nm U&<D 7 4 /U 

CCD Srftip-f 5 ^£fc«fc!9 $$tW£Tff , mH^^^^^ra^-CH^ic 



(6) ^IPJiOfry h 

18 
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( 1 ) total RNA ©ttfcti 

t*U>i?&%MiirZ>2mW<D?-V-V i 7'(i/ (Fungiasp.)£/BVNfc 0 *1Mf?>f 

^/N^--e##, SS*4 g^'TRIzol" (GIBCOBRL) £7. 5mlMti 
#U 1500Xgt?l 0 £f»i> Lft 0 ±m^f c: a 1 . 5ml ^Px., 

15W^Ucf, 3#H^BUt 0 7 5 0 0Xgt*15»L^Lfc o ±* 
fc-f y7°n^V-^3. 7 5ml ^D^L, 1 5^Wtfctl 0»fLfc. 

1 7 00 0XgT?l O^ii^tfco ±ff£j#T7 0%x;?;^6m Uflx. 
T17000XgT'l 0^r^^Lfc 0 ±«^-C'W^DEPC7K2 OO/tl^ 
$?Lfc 0 DEPC 7X"C^Lfe total RNA £ 1 0 0§[^tt 0. D. 260 t 0. D. 280 
(DmZmfeLX RNA^£$!)ofc 0 ifefl^i^ 5 1. 6 n > ^-i^^^offi 
#tf>£> 70/ig© total RNA £#fc 0 

(2) First strand cDNA <Dfe$, 

total RNA 3jUg£4££IL, First strand cDNA O-^fife^r-/ h "Ready To 
Go"(Amersham Pharmacia) {C<t «? cDNA(3 3 /x 1 )%-g-J&Lfc 0 

(3) Degenerated PCR 

Lfc First strand cDNA ( 3 3/j 1) (O o h 3 n 1 £ L"C PCR ^fro 

5'-GAAGGRTGYGTCAAYGGRCAY-3' (primerl) (MB?!J#-J§- 9 ) 
5 ' -ACVGGDCCATYDGYAAGAAARTT-3 ' (primer2) (1B^J##10) 
(££T\ R=A XteG^U Y=C Xte T£^U V=A, C Xlt G£^U D=A, 
g xn T Sr^,) 
!^T© PCR fcJ&mnj&ZtiLR Ltc 0 
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Y-^ZfV—Y (first strand cDNA) 


3 n 1 


X10 taq Ay77- 


5 n 1 


2. 5mM dNTPs 


4/i 1 


100 ix M primerl 


1 V- 1 


100 /zM primer2 


1 it 1 


5 V Q 


3 5^1 


taq polymerase (Sty n 1) 


1 V. 



$XT<D PCR Lfc 0 
9 4 t^l 5MPAD) 
9 4°CT*3# (3Ett) 

5 2*CT'3 0# (xVT'V— h^(DT~—V V^) . 
7 2tfl^ (fy <<^-ft%) 
±|B3^^>>^3 01M:?/14tV\ T~—V f-J ?/\sZb\ZO. 

7 2<C-C7# 
4°C 

t&ft"CPCR <HTofc 0 T^fn-^y/Hi^Sj-e, ^S§*Lfc*t $© 350bp 
(4) i^-^^n— =->yR.Tfi&m%m<D&:%. 

ffiSH bfc DNA $rJf £r pT7-blue vector (Novagen) t y >> a ^ t fc 0 :*:JM 

m (TGI) teh7>X7*~t-^B>LX7/V-*Vs( h±U?i/al/%ff\,^^ 
&\,^u-*-(D*:mm£*) plasmid DNA^ffi^tt, #A DNA ©rtf^S 

e-^comSiB^J £ Jfctt L T ^(D DNA i&gE?IJ#£« S * 3(50 ©^j, 5 
WfUfc. ^3feSeae^©-«|5-C&5i:3fU»rb/tt)©ti8LT, 5'-RACE tfejsj; 

20 
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(5) 5'-RACE& 

Degenerated PCR X^htltc DNA mft(D 5'$Jtf>:&gIB?lJ 3 tcMz. 
5'-RACE System for Rapid Amplification of cDNA Ends, Version 2. 0(GIBC0 BRL) 
5'-RACEfe^ofc 0 #M£LT (1) tfc total RNA ^ 3 ^ 

jrUlsi?&$fc<D DC-tailed cDNA £>— 0 § <Dit"t§ia^ 
5' -GGCCACGCGTCGACTAGTACGGGI IGGGI IGGGI IG-3 ' 1 1 ) 

5' -GGCTTATATGCGCACTGACTGC-3' (@E?IJ#-S§-1 2) 

5' -GGCCACGCGTCGACTAGTAC-3' (1B^J#^- 13) 
5'-TATCTCTTCAGGATATTTAGT-3* (MB?IJ#-J§- 1 4 ) 

T # a - * V/vm^lkW) T% *| ifg £ tWt 700bp V K 9 fcfcl U ftti!! U fc 0 
»^ L DNA mn * pT7-blue vector (Novagen) \Z y ^ V~ > a > Lfc 0 ±mWW 

(TGi) \z\>7^x7*>- ^-^syu^;w*!7/f HtWS'h v£*rv\ 

Vn=i p n-^Mgi plasmid DNA ^fflf^LT, #A£*Wc: DNA ^©MIE 
?|J& DNA at vf— IE «t 5 Lfc 0 

PC< DC-tailed cDNA ©— @ B ©JtfBlCW:, 

5 ' -GGCCACGCGTCGACTAGTACGGGI IGGGI IGGGI IG-3 ' (E?!l## 15) 
5'-GGGAAAAGTGCCTTCAATGG-3' (SB^Uff-^- 1 6) 

5'-GGCCACGCGTCGACTAGTAC-3 , (SB^J#-^1 7) 
5'-TCTTCGAACTCAAACTTTCT-3' (@3?!l#-§-l 8) 

21 
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Ttfv-xy^mnimx^mmtstiti soob P \?%® «? m uftMLfc e 

ftM L ft DNA £ pT7-blue vector (Novagen) iC^^y-^a > Lfc a *JH0$fc 

(tgi) m h^y*^— ^—^a y uty/w h±u^^sy^n^\ e 

VNn n --©;*;|§0 i »? plasmid DNA ZmMVX, WAZtlfc DNA »r>f <£>*&g@H 
PI* DNA ^ ^ y-Jh- K X. <9 Lfco 

( 6 ) 3'-RACE 

Degenerated PCR T'# f> tltc DNA ^ (D 3'iaj$ff# ( 4 ) (D^SSB^J^S^ 

^ ttfcif mzmzim vtc-?? << 1 y dT r/^-r pcr T*#fc 0 

i: LT ( 2 ) T?flSS Ufc first strand cDNA % 3 » 1 Lfc, . 

ffr$ Ufc 7^7 ^ -^-TOTtf) ii 9 5 G 
^l^v^^ftc/B 5'- GCAGTCAGTGCGCATATAAGCC -3' (primer3) (S&W^ 1 9 ) 
*-feffi#/g 5'- CCATTGAAGGCACTTTTCCC -3' (primer4) (|3?IJ#-!§- 2 0 ) 

KT© PCR KfoMtftZtii® Lfco 
PCR : 

T^lz-b (first strand cDNA) 3^1 
X10 taq /<y?T— 5 m 1 

2. 5mM dNTPs 4 ju 1 

20 //M primer3 £ fcft primer4 1 n 1 

lOjLiM oligo dT primer In 1 

^ y Q 3 5n 1 

taq polymerase (511/ m 1) 1 /z 1 

WTO PCR Lfco 
9 4°C-C1#(PAD) 
9 4^3 0# (») 
5 5°CT*3 0# (x^l^-h-T--y 

22 
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7 2<C-C1# 

fc„ W^L fcDNA^rJf SrpT7-blue vector (Novagen)^ y 4 -y 3 VLfCo ±M 
(TGI) {31 hv 1/7*7*— v-a y LX7/V—ftV>s( Hrl^^a y&ft 
V\ &V^n~^©;*;iit|j§!<}; 9 plasmid DNA &rffi|SlL*t % #A£;ftfcDNA Jlrtt© 
msga^ij Sr DNA ix- ^ a: yf- £ 9 Ufc 0 

(7) *fl§0T?©^63§gi 

$rftsJR U ( 2 ) -CPM Lfc First strand cDNA &#g £ LT PCR &fTo fc 
/y'fv-fttwy^ #fc priaer5 &ft/fl Lfc 0 

5*-CGGGATCCATGAAGATGAAGTACTTTATGGATGG -3' (primer5) (BB3WJ- 2 1 ) 
UT<D PCR SlSSB&^Srttffi Lfc 0 



<-0 



T^yv—h (first strand cDNA) 3/u 1 

X10 pyrobest /<y7r- 5 /x 1 

2. 5mM dNTPs 4^1 

20jtxM primer5 1 # 1 

20juM oligo dT primer 1 1 

5 V Q 3 5 M 1 

pyrobest polymerase (5U/ fi 1) 1 # 1 

WT© PCR S^ftSrftffl Lfc 
9 4 < CT*1^-(PAD) 
9 4 < CT*3 0# (gft) 

23 
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4«c mm 



r^u—^^/v(Dmn^.W}X\ mm&titcm iooob P ©xy k$909 a u fus 

LT pRSET vector (Invitrogen) © BamHI, EcoRI gR&tZlf-:/^ n^y^UT, ;*: 
JBtittc (JM109-DB3) -?3§9l£i*:fCo Ua»Lfc#fc, *J*B*CI&9i3*fc»ejtH: 

% Kusabira-Orange, j5?£@#*3fe©»R§fi Sr Kusabira-Cyan if 5) tt, UEfcl 
©&3fcfiB (FP486, Azami-Green) (t< ^tN»|!) 10 T 3: / fife*^i"5 £ 

Kusabira-Orange-1 (KO-1 ) )!&W21MKMWFMDGSVNGHEFTVEGEG'~ 
-0range-2(K0-2 ) MALSNKF I GDdMMKYFMDGSVNGHEFTVEGEG' • • 

Kusabira-Cyan-l(KCy-l) mWlMKMHFWGSVNGHEFTVEGEG-" 

-Cyan-2(KCy-2) MALSNKF I GWMMYFMDGSVNGHEFTVEGEG- - • 
Azami-Green MSVIKPEMKIKLCMRGTVNGHNFVIE6EG- 

FP486 mSNKFIGDDMKMTYHMDGCVNGHYFTVKGEG--- 

Kusabira -Orange, Cyan fc%K:-f y^gfcfr (^WJ:D^) D— n><7 
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-Ote±fc#}\ZT $ J RE^OCiHr V^FP486©N5|5JB01ir $ J m (MALSNKFI 
GDD), <k 0 — ofiMl- * n — LfcAzami^reen©N*$8© 7 7 5 7^ (MS 
VIKPE) Srffl^fc, ^(D^if^bOT^y^lE^J^iDLfc^fe^-^V^ 

eenON^CO 7 7 $ / ^^^DL7t^©^Kusabira-0range-l(KO- 1) (EBffl 

OSrKusabira-0range-2(KO-2) (l&WM) MiB^*©^©!^ 
zami-GreenON5fcSSg£> 775; ^SriWlJ t fc © &Kusabira-Cyan-l (K C y - 1 

<D£Kusabira-Cyan-2(KCy-2) (@B^J#-f"2) £: Lfc„ 

KCy-1, KCy-2, KO-1, RXtKO- 2 ^t&SBB^J^^tt 

^SfiNi-Agarose gel (QIAGEN) T-^M L7c 0 Y^-MZl 



(8) i $k%®>&(Dmm 

20/zM»^fi> 50mM HEPES P H7. 5 }gi&&/B^T!$Ifc*-^ h/l^SJ^Lfco 
r<£*-<^ h^Ot°-^(0{itJ;t)^P«^^W-^Ufc o KCy-1, KCy 
- 2 ftt 455nm If — * #fg.& fe*u 400nm 0. 005 £ 5 

£5£t^M6£±fE<^»T'#^LT, 400nm ^Ibj&LfcRtO&ft*^ h 
;Vt 520nm I:felt5f3tia5i^^^ h/l'SrSflS Lfc 0 E C F P (CL0NTECH) 
^P#(C400nm(^tt§te^o.005ifc^J; 5t-LT^^^^ h/l"£$!|£U 
ECFP^S^WSr0.4 b UKCy-1, KC y - 2 Oft^W£jfcfcfc 0 
KO-1, KO-2T1i 548nm KlTO^t?— ^fS&^tu 500nm fc&ttSM 
# 0. 0025 t fc £ £ 5 KSbtS 6 ^±IB<^^«-C^ LT, 500nm t fcB* 

25 
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<DMftx^? hfrt 590nm fcfctt5ft3fefc J:$»jB;**<* h^SrSOfcLfc, 
DsRed (CLONTECH) &mmz 500nm Kli3Jt5KlR# 0. 0025 £ &5 «fc 5 £ bTibfc* 
^ h^&$!|£U DsRed Oi^W^r 0.29 KO- 2 <£*^Jfc 
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Kusabira-CyanirECFP {^UI/tv^) <Ditt 















7*smk 


KCy-1 


455nm 


488nm 


38700 (455ntn) 


0.85 


D H5~9^^ 


223 


KCy-2 


455nm 


488nm 


27700 (455nm) 


0.81 


D H5~9-e$£ 


227 


ECFP 


435nm 


t 478nm 


28750 (435nm) 


0.40 


pKa=5.5 


239 



Kusabira-OrangetDsRed n t^ryQ) <D \tt 







mat®* 










KO-1 


548nm 


561 nm 


75900 (548nm) 


0.44 


pKa<5.0 


217 


KO-2 


548nm 


561 nm 


51000 (548nm) 


. 0.50 


pKa<5.0 


221 


DsRed 


559nrn 


583nm 


86100 (559nm) 


0.29 




226 



±u&m&**Lffimw (jmio9-de3) xmas^it* o.imM iptg xmmim* 

Azami-Green (T^ 5 ? f-tT V (Galaxea fascicularis) O N 

ko- i , ko- 2 -m^'y -y<D%ftfrxxfrb*\/^i?^kmf-fz>fc, 



(10) pMg|£(D$!!£ 

KCy-1, KCy-2-T« 400nm 0®J|Z^ 0. 005 t ft 5 £ 5 ^TfEOi^^ 
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■CftfSU KO- 1. KO- 2 Ttt500nmO!RlR*5 0.0025 1 ft Z> «fc 0 KTIBOig 

pH4, 5 
pH6 
P H7 
pH8 

pH9, 10 
pHll 



HEPES /*yV7 — 



(MMm 2 ) Kusabira-Orange (KO) 07$; ^»^fttf>fl^£ 
Kusabira-Orange(KO) Yt* GkftMJt 561 run, ® iBfe*: 548 run) tf>|£ft 

£&og#g BSrefc 5 as, ko— l ©7 ^ J wm\\<n> 6 4#|o>'Xf'f^ 

77=^fcf»t5 riiao, ik%®m*YLo\zM^xmm&w^7 y Lit 

^fe (&5fefe*:508 run, fijjgfii^ 496 run) O&ft&iSfeogllflc&ftfc (0 5). 
KO-l©2 1 l&B<DyAs#*l/m&T7~>iZ.m&ir5Zb£.£i9, 

563 nm) <Dlk%*Wt<>®.mW-*'&ft (®6)„ 
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1. fy-VvJis (Fungia sp.) **©TIB©#ttSrJfr-f S**«ejt. 

( 1 ) AjStfcMftA^ 4 5 5nm^>), ^3fctt*»[*t4 4 8 8 n m-Cfc § ; 

(2) 4 5 5nmW<5*^»*ffft^ 3 8 700X1*2 7 700^5; 

(3) ft^lfcSfr&SO. 85XJS0. 8 1t*fc5;W 

(4) ^3fe#ttOpH^tt^pH5~9T?^T?fc5 : 

2. *f-l??>f$/ (Fungia sp. ) **<&TE®«H4£#1-S£3feg6«. 

( 1 ) AiSS^ttft^ 5 4 8 n m-efc >9 % ^3tfifc*C»ft tt 5 6 1 n mffc5 ; 

(2) 5 4 8nmt^(t5^TOP, 7 5 9 0 0X1*5 1 0 0 0l?fc5 ; 

(3) ifW^O. 4 41(10. 5 0T?fc5;;Rtf 

(4) t*»pHlgWpKa<5. OT-fc-S: 

3. oto (a) xn (b) ^-t-^afesesto 

(b ) @a^iJ#^- 1 xtt 2 tc:|B«oT 5 y -BHBaJlofev^-c l b&mcDT 5 y m& 

4. ^T© (a) Xtt (b) fcsrftftg&St, 

( a ) 3 xwt 4 khb«<&t ^ y mew**-**** est 

( b ) m^m^r 3 xi* 4 ttiB«©T ^ y »saifc*5^T 1 & tb&mor $ y mt 

5. isjij#-^3(ciH^or syBEaifcfc^te 4#i©^n^77 
v^T2 1 lftBo^^^^K^T^-^fcJBftSti/rv^T^yiHBya^^rt- 

6 . If ^ 1 frb 5 (Dfatl,/^ 1 3S»!llBil6g 6 JC£ = — Ki"5 DN A 0 

28 
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7. £*T© (a) Xft (b) lc*1-fie«Sr = '-K1-5DNA. 
( a ) ia?lj## K^SMt <DT$; £ W1" 5 S & W 

(b) BW»*iXtt2fc|B«©T5/KS?llli:*v>-c, i*»6»Mo7$/i 

8. OT© (a) Xit (b) te*fMlt«r3-K1-«DNA. 

(b) E^J##3X«4{Jl|Bife©T5/miB^*JV^ % l/!^li©7^| 

9. ^T© (a) XJ± (b) (C^i-DNAo 

(a) m^m-W5xti6iz.mm(Dmmmmt:m-r^DNA 
^j^-t^dna 

10. »T© (a) XIJ (b) f^fDNA, 

(a) mpm-%7x\*8\zmM<Dumm.m*Girz>DNA 

«iftRtJ«/XW:#*D*^ri-5l6SE?i|Sr^r U a»offi#|#-J§- 7X(i8 (cfEtfeO^ 
?'JW5DNA 

1 1. Mf#g6fl»e> 1 OO^tbi6»I3g|t|BJR©DNA^Wi-Sj|ft*ift^^ 
1 2. fS*S6i»&l OO^ti/*»15lli:B3ttoDNAXttlt*3JCl 1 ^!Bf£ 

29 
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1 6 . |f^5 13H15 (Dfttlfr 1 3%KWM<DM&m&W%mi&l*!X*&$L 
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mi 






1/6 
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561nm/508nm 




mz-3 
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KO-2 17B#KI 




450 500 550 600 650 700 



450 500 550 600 650 700 



ko-1 somm 



ko-2 5omrn 






U r 




1 - 




0.8 - 


ft 


0.6 - 




0.4 - 




0.2 - 




o L 




1 ' 



450 500 550 600 650 700 



450 500 550 600 650 700' 



KO-1 74BHH 



ko-2 7mm 





450 500 550 600 650 700 



450 500 550 600 650 700 



3/6 




4/6 
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me 
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SEQUENCE LISTING 
<110> RIKEN 

<120> Fluorescent proteins 
<130> A21741A 
<160> 21 



<210> 1 
<211> 223 
<212> PRT 
<213> Fungia sp. 
<400> 1 

Met Ser Val He Lys Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 

1 5 10 15 

Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

20 25 30 

Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val Thr Lys Gly Gly 

35 . 40 45 

Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val Phe Ser Tyr Gly 

50 55 . ( 60 

Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp lie Pro Asp Tyr Phe Lys 
65 70 75 80 

Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys Phe Glu Phe Glu 

85 90 95 

Asp Gly Gly Leu Ala He Ala Lys Ala Glu He Ser Leu Lys Gly Asn 

100 105 110 

Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe Pro Asp Ser Ser 
115 120 125 

1/18 
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Pro lie Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro Ser Thr Glu Lys 

130 135 140 

Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp Ala Ala Tyr Leu 
145 150 155 160 

Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe Thr Thr Thr Tyr 

165 170 175 

Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser His Phe He Gly 

180 185 190 

His Arg He Ser Ser Val Val Asn Gly Thr Lys He Gly Val Met Glu 

195 200 205 

Asp Ala He Ala His Leu Tyr Pro Phe Asn Gly Val Pro Cys Gin 
210 215 220 

<210> 2 
<211> 227 
<212> PRT 
<213> Fungia sp. 
<400> 2 

Met Ala Leu Ser Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

1 . 5 10 15 

Phe Met Asp Gly Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu 

20 25 30 

Gly Thr Gly Lys Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val 

35 40 45 

Thr Lys Gly Gly Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val 

50 55 60 

Phe Ser Tyr Gly Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp He Pro 
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65 70 75 80 

Asp Tyr Phe Lys Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys 

85 90 95 

Phe Glu Phe Glu Asp Gly Gly Leu Ala He Ala Lys Ala Glu He Ser 

100 105 110 

Leu Lys Gly Asn Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe 

115 120 125 

Pro Asp Ser Ser Pro He Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro 

130 135 140 

Ser Thr Glu Lys Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp 
145 150 155 160 

Ala Ala Tyr Leu Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe 

165 170 175 

Thr Thr Thr Tyr Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser 

180 185 190 

His Phe He Gly His Arg He Ser Ser Val Val Asn Gly Thr Lys He 

195 . 200 205 

Gly Val Met Glu Asp Ala He Ala His Leu Tyr Pro Phe Asn Gly Val 

210 215 220 

Pro Cys Gin 
225 



<210> 3 
<211> 217 
<212> PRT 
<213> Fungia sp. 
<400> 3 
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Met Ser Val He Lys Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 

1 5 10 15 

Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

20 25 30 

Pro Tyr Glu Gly His Gin Glu Met Thr Leu Arg Val Thr Met Ala Lys 

35 40 45 

Gly Gly Pro Met Pro Phe Ser Phe Asp Leu Val Ser His Thr Phe Cys 

50 55 60 

Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu He Pro Asp Tyr 
65 70 75 80 

Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu Arg Ser Leu Gin 

85 90 95 

Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His lie Ser Leu Arg 

100 105 110 

Gly Ash Cys Phe Glu His Lys Ser Lys Phe Val Gly Val Asn Phe Pro 

115 120 125 

Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp Trp Glu Pro Ser 

130 135 140 

Thr Glu Lys He Thr Thr Cys Asp Gly Val Leu Lys Gly Asp Val Thr 
145 150 155 160 

Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys Cys Gin Phe Lys 

165 170 175 

Thr Thr Tyr Lys Ala Ala Lys Lys lie Leu Lys Met Pro Gin Ser His 

180 185 190 

Phe He Gly His Arg Leu Val Arg Lys Thr Glu Gly Asn He Thr Glu 

195 200 205 

Leu Val Glu Asp Ala Val Ala His Cys 
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<210> 4 
<2U> 221 
<212> PRT 
<213> Fungia sp. 
<400> 4 

Met Ala Leu Ser Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

1 5 10 15 

Phe Met Asp Gly Ser Val Asn Gly His Glu Phe Thr Yal Glu Gly Glu 

20 25 30 

Gly Thr Gly Lys Pro Tyr Glu Gly His Gin Glu Met Thr Leu Arg Val 

35 40 45 

Thr Met Ala Lys Gly Gly Pro Met Pro Phe Ser Phe Asp Leu Val Ser 

50 55 60 

His Thr Phe Cys Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu 
65 70 75 80 

He Pro Asp Tyr Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu 

85 90 95 

Arg Ser Leu Gin Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His 

100 105 110 

He Ser Leu Arg Gly Asn Cys Phe Glu His Lys Ser Lys Phe Val Gly 

115 120 125 

Val Asn Phe Pro Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp 

130 135 140 

Trp Glu Pro Ser Thr Glu Lys He Thr Thr Cys Asp Gly Val Leu Lys 
145 150 155 160 
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210 



215 
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Gly Asp Val Thr Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys 

165 170 175 

Cys Gin Phe Lys Thr Thr Tyr Lys Ala Ala Lys Lys He Leu Lys Met 

180 185 190 

Pro Gin Ser His Phe lie Gly His Arg Leu Val Arg Lys Thr Glu Gly 

195 200 205 

Asn He Thr Glu Leu Val Glu Asp Ala Val Ala His Cys 
210 215 220 



<210> 5 
<211> 672 
<212> DNA 
<213> Fungia sp. 
<220> 
<221> CDS 
<222> (1).. (669) 
<400> 5 

atg agt gtg att aaa cca gag atg aag atg aag tac ttc atg gac gga 48 
Met Ser Val He Lys Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 

1 5 10 15 

tec gtc aat ggg cat gag ttc aca gtt gaa ggt gaa ggc aca ggc aaa 96 
Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

20 25 30 

cct tac gag gga aag cac aaa ata aca ctt gac gtc acc aag ggt ggg 144 
Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val Thr Lys Gly Gly 

. 35 40 45 

cca ctg cct ttt gcg ttt gac ttg ttg tct aca gtg ttc tct tat ggc 192 
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Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val Phe Ser Tyr Gly 

50 55 60 

aac aga tgc ctt act aaa tat cct gac gat ate ccc gac tat ttc aaa 240 

Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp He Pro Asp Tyr Phe Lys 
65 70 75 80 

caa tgc ttt cct gga ggc tat tea tgg gaa aga aag ttt gag ttc gaa 288 

Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys Phe Glu Phe Glu 

85 90 95 

gat ggc ggg ttg get ata gee aaa gcg gaa* ata age ctt aaa gga aac 336 

Asp Gly Gly Leu Ala He Ala Lys Ala Glu lie Ser Leu Lys Gly Asn 

100 105 110 

tgc ttc gaa cac aaa tec acc att gaa ggc act ttt ccc gat age agt 384 

Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe Pro Asp Ser Ser 

115 120 125 

cct att gcg caa aac aag acg eta gga tgg gaa cca tec acc gag aag 432 

Pro He Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro Ser Thr Glu Lys 

130 135 140 

atg acc gtc cgc gac gga tea atg aag ggt gat gat gcg gee tac etc 480 

Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp Ala Aia Tyr Leu 
145 150 155 160 

aaa ttg gtg gga ggc ggc aat cac aaa tgc tac ttt aca act acc tac 528 

Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe Thr Thr Thr Tyr 

165 170 175 

aca gcg aag aaa aag att cct aac ctg cca caa age cat ttc att ggg 576 

Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser His Phe He Gly 

180 185 190 

cat cgc ate tec agt gtc gtc aat ggc act aaa att gga gtg atg gaa 624 
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His Arg He Ser Ser Val Val Asn Gly Thr Lys He Gly Val Met Glu 

195 200 205 

gat gca att get cat ctt tac cct ttt aat ggc gtg cca tgc cag tga 672 

Asp Ala He Ala His Leu Tyr Pro Phe Asn Gly Val Pro Cys Gin 
210 215 220 



<210> 6 
<211> 684 
<212> DNA 
<213> Fungia sp. 
<220> 
<221> CDS 
<222> (1).. (681) 
<400> 6 

atg gec ctg age aac aag ttc ate ggg gac. gac atg aag atg aag tac 48 
Met Ala Leu Ser Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

15 10 15 

ttc atg gac gga tec gtc aat ggg cat gag ttc aca gtt gaa ggt gaa 96 
Phe Met Asp Gly Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu 

20 25 30 

ggc aca ggc aaa cct tac gag gga aag cac aaa ata aca ctt gac gtc 144 
Gly Thr Gly Lys Pro Tyr Glu Gly Lys His Lys He Thr Leu Asp Val 

35 40 45 

acc aag ggt ggg cca ctg cct ttt gcg ttt gac ttg ttg tct aca gtg 192 
Thr Lys Gly Gly Pro Leu Pro Phe Ala Phe Asp Leu Leu Ser Thr Val 

50 55 60 

ttc tct tat ggc aac aga tgc ctt act aaa tat cct gac gat ate ccc 240 
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Phe Ser Tyr Gly Asn Arg Cys Leu Thr Lys Tyr Pro Asp Asp He Pro 

65 70 -75 80 

gac tat ttc aaa caa tgc ttt cct gga ggc tat tea tgg gaa aga aag 288 

Asp Tyr Phe Lys Gin Cys Phe Pro Gly Gly Tyr Ser Trp Glu Arg Lys 

85 90 95 

ttt gag ttc gaa gat ggc ggg ttg get ata gec aaa gcg gaa ata age 336 

Phe Glu Phe Glu Asp Gly Gly Leu Ala He Ala Lys Ala Glu lie Ser 

100 105 110 

ctt aaa gga aac tgc ttc gaa cac aaa tec acc att gaa ggc act ttt 384 

Leu Lys Gly Asn Cys Phe Glu His Lys Ser Thr He Glu Gly Thr Phe 

115 120 125 

ccc gat age agt cct att gcg caa aac aag acg eta gga tgg gaa cca 432 

Pro Asp Ser "Ser Pro He Ala Gin Asn Lys Thr Leu Gly Trp Glu Pro 

130 135 140 

tec acc gag aag atg acc gtc cgc gac gga tea atg aag ggt gat gat 480 

Ser Thr Glu Lys Met Thr Val Arg Asp Gly Ser Met Lys Gly Asp Asp 

145 150 155 - 160 

gcg gec tac etc aaa ttg gtg gga ggc ggc aat cac aaa tgc tac ttt 528 

Ala Ala Tyr Leu Lys Leu Val Gly Gly Gly Asn His Lys Cys Tyr Phe 

165 170 175 

aca act acc tac aca gcg aag aaa aag att cct aac ctg cca caa age 576 

Thr Thr Thr Tyr Thr Ala Lys Lys Lys He Pro Asn Leu Pro Gin Ser 

180 185 190 

cat ttc att ggg cat cgc ate tec agt gtc gtc aat ggc act aaa att 624 

His Phe He Gly His Arg He Ser Ser Val Val Asn Gly Thr Lys He 

195 200 205 

gga gtg atg gaa gat gca att get cat ctt tac cct ttt aat ggc gtg 672 
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Gly Val Met Glu Asp Ala He Ala His Leu Tyr Pro Phe Asn Gly Val 

210 215 220 

cca tgc cag tga 684 
Pro Cys Gin 
225 

<210> 7 
<211> 654 
<212> DNA 
<213> Fungia sp. 
<220> 
<221> CDS 
<222> (1).. (651) 
<400> 7 

atg agt gtg att aaa cca gag atg aag atg aag tac ttc atg gac gga 48 
Met Ser Val He Lys Pro Glu Met Lys Met Lys Tyr Phe Met Asp Gly 

15 10 15 

tec gtc aat ggg cat gag ttc aca gtt gaa ggt gaa ggc aca ggc aaa 96 
Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu Gly Thr Gly Lys 

20 25 30 

cct tac gag gga cat caa gag atg aca eta cgc gtc aca atg gec aag 144 
Pro Tyr Glu Gly His Gin Glu Met Thr Leu Arg Val Thr Met Ala Lys 

35 40 45 

ggc ggg cca atg cct ttc teg ttt gac tta gtg tea cac acg ttc tgt 192 
Gly Gly Pro Met Pro Phe Ser Phe Asp Leu Val Ser His Thr Phe Cys 

50 55 60 

tac ggc cac aga cct ttt act aaa tat cca gaa gag ata cca gac tat 240 
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Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu He Pro Asp Tyr 
65 70 75 80 

ttc aaa caa gca ttt cct gaa ggc ctg tea tgg gaa agg teg ttg cag 288 

Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu Arg Ser Leu Gin 

85 90 95 

ttc gaa gat ggt ggg ttt get gca gtc agt gcg cat ata age ctt aga 336 

Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His He Ser Leu Arg 

100 105 110 

gga aac tgc ttc gag cac aaa tec aaa ttt gtt ggg gtt aac ttt cct. 384 

Gly Asn Cys Phe Glu His Lys Ser Lys Phe Val Gly Val Asn Phe Pro 

115* 120 125 

gec gat ggt cct gtg atg caa aac caa agt tct gat tgg gag cca tea 432 

Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp Trp Glu Pro Ser 

130 135 140 

ace gag aaa att act ace tgc gac gga gtt ctg aag ggt gat gtt acg 480 

Thr Glu Lys He Thr Thr Cys Asp Gly Val Leu Lys Gly Asp Val Thr 

145 150 155 160 

atg ttc eta aag ctt gcg gga ggc ggc aat cac aaa tgc caa ttc aag 528 

Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys Cys Gin Phe Lys 

165 170 175 

act act tac aag gcg gca aaa aag att ctt aaa atg cca caa age cat 576 

Thr Thr Tyr Lys Ala Ala Lys Lys He Leu Lys Met Pro Gin Ser His 

180 185 190 

ttc ate ggg cat cgc etc gtc agg aaa acc gaa ggc aac att act gag 624 

Phe He Gly His Arg Leu Val Arg Lys Thr Glu Gly Asn He Thr Glu 

195 200 205 

ctg gta gaa gat gca gta get cat tgc tga 654 
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Leu Val Glu Asp Ala Val Ala His Cys 
210 215 



<210> 8 
<211> 666 
<212> DNA 
<213> Fungia sp. 
<220> 
<221> CDS 
<222> (1).. (663) 
<400> 8 

atg gcc ctg age aac aag ttc ate ggg gac gac atg aag atg aag tac 48 
Met Ala Leu Ser Asn Lys Phe He Gly Asp Asp Met Lys Met Lys Tyr 

1 . 5 10 15 

ttc atg gac gga tec gtc aat ggg cat gag ttc aca gtt gaa ggt gaa 96 
Phe Met Asp Gly Ser Val Asn Gly His Glu Phe Thr Val Glu Gly Glu 

20 25 30 

ggc aca ggc aaa cct tac gag gga cat caa gag atg aca eta cgc gtc 144 
Gly Thr Gly Lys Pro Tyr Glu Gly His Gin Glu Met Thr Leu Arg Val 

35 40 45 

aca atg gcc aag ggc ggg cca atg cct ttc teg ttt gac tta gtg tea 192 
Thr Met Ala Lys Gly Gly Pro Met Pro Phe Ser Phe Asp Leu Val Ser 

50 55 60 

cac acg ttc tgt tac ggc cac aga cct ttt act aaa tat cca gaa gag 240 
His Thr Phe Cys Tyr Gly His Arg Pro Phe Thr Lys Tyr Pro Glu Glu 
65 70 75 80 

ata cca gac tat ttc aaa caa gca ttt cct gaa ggc ctg tea tgg gaa 288 
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lie Pro Asp Tyr Phe Lys Gin Ala Phe Pro Glu Gly Leu Ser Trp Glu 

85 90 95 

agg teg ttg cag ttc gaa gat ggt ggg ttt get gca gtc agt gcg cat 336 
Arg Ser Leu Gin Phe Glu Asp Gly Gly Phe Ala Ala Val Ser Ala His 

100 105 110 

ata age ctt aga gga aac tgc ttc gag cac aaa tec aaa ttt gtt ggg 384 
He Ser Leu Arg Gly Asn Cys Phe Glu His Lys Ser Lys Phe Val Gly 

115 120 125 

gtt aac ttt cct gec gat ggt cct gtg atg caa aac caa agt tct gat 432 
Val Asn Phe Pro Ala Asp Gly Pro Val Met Gin Asn Gin Ser Ser Asp 

130 135 140 

tgg gag cca tea acc gag aaa att act acc tgc gac gga gtt ctg aag' 480 
Trp Glu Pro Ser Thr Glu Lys lie Thr Thr Cys Asp Gly Val Leu Lys 
145 150 155 160 

ggt gat gtt acg atg ttc eta aag ctt gcg gga ggc ggc aat cac aaa 528 
Gly Asp Val Thr Met Phe Leu Lys Leu Ala Gly Gly Gly Asn His Lys 

165 170 175 

tgc caa ttc aag act act tac aag gcg gca aaa aag att ctt aaa atg 576 
Cys Gin Phe Lys Thr Thr Tyr Lys Ala Ala Lys Lys He Leu Lys Met 

180 185 190 

cca caa age cat ttc ate ggg cat cgc etc gtc agg aaa acc gaa ggc 624 
Pro Gin Ser His Phe He Gly His Arg Leu Val Arg Lys Thr Glu Gly 

195 200 205 

aac att act gag ctg gta gaa gat gca gta get cat tgc tga 666 
Asn He Thr Glu Leu Val Glu Asp Ala Val Ala His Cys 
210 215 220 
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<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 9 

gaaggrtgyg tcaayggrca y 21 



<210> 10 
<2U> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 10 

acvggdccat ydgvaagaaa rtt 23 

<210> 11 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 11 

ggccacgcgt cgactagtac gggiigggii gggiig 36 
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<210> 12 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 12 

ggcttatatg cgcactgact gc 22 



<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 13 

ggccacgcgt cgactagtac 20 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 14 

tatctcttca ggatatttag t 21 
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<210> 15 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 15 

ggccacgcgt cgactagtac gggiigggii gggiig 36 



<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 16 

gggaaaagtg ccttcaatgg 20 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 17 

ggccacgcgt cgactagtac 20 
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<210> 18 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 18 

tcttcgaact caaactttct 20 



<210> 19 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 19 

gcagtcagtg cgcatataag cc 22 

<210> 20 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 20 

ccattgaagg cacttttccc 20 
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<210> 21 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic DNA 
<400> 21 

cgggatccat gaagatgaag tactttatgg atgg 34 
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